An analytical formulation is presented for predicting the stiffness and damping of constrained layered beams that have multiple viscoelastic damping layers. A model is derived for symmetrical setups using variational methods. The equations to evaluate the stiffness and damping are derived in closed form and can be evaluated for different boundary conditions. The complex modulus approach is used to model the elastic and shear moduli of the viscoelastic material. A parametric analysis has been conducted to study the effects of different parameters on the damping and stiffness of the system under simply supported boundary conditions. The optimization process to obtain structural and material parameters maximizing system damping for a given temperature and frequency range is also presented. 
An analytical formulation is presented for predicting the stiffness and damping of constrained layered beams that have multiple viscoelastic damping layers. A model is derived for symmetrical setups using variational methods. The equations to evaluate the stiffness and damping are derived in closed form and can be evaluated for different boundary conditions. The complex modulus approach is used to model the elastic and shear moduli of the viscoelastic material. A parametric analysis has been conducted to study the effects of different parameters on the damping and stiffness of the system under simply supported boundary conditions. The optimization process to obtain structural and material parameters maximizing system damping for a given temperature and frequency range is also presented. N machines and structures subjected to dynamic loadings, vibrations often induce serious problems leading to material fatigue, noise, and other failures. Therefore, its reduction or elimination is crucial in the design and utilization of these devices. One approach to eliminating or reducing the problems caused by vibrations is the application of passive damping treatment in the structure. Passive damping methods involve the application of soft, viscoelastic materials (VEM). These materials can either be designed into the * Graduate Student, ME-EM; mhao@mtu.edu. † Associate Professor, ME-EM; mrao@mtu.edu. ‡ Graduate Student, MAVT Department; schabus@schabus.de. structure or added later, after the design process is completed. The maximization of the structure's damping is directly connected to the selection of certain design parameters. A system's damping is a function of the steady-state frequency of vibration and the damping parameters within the structure. To predict and prevent vibrations, these parameters have to be calculated, modeled, measured, or in a broader sense, assumed. In the past, the most investigated structure has been a three-layered beam. Usually, this structure consists of a basic layer, a viscoelastic damping layer, and a relatively stiff constraining layer. Owing to its physical appearance, it is often referred to as a "sandwich beam." Constrained-layer damping treatments are among the most efficient methods of introducing damping into a structure. When the whole multilayered beam is subjected to cyclic bending, the damping layer is primarily subjected to shear strain due to the relatively stiff constraining layer on top and causes friction between the longchain molecules of the damping material. Therefore energy dissipation occurs in each bending cycle and results in a smaller vibration amplitude. A multiple-layered beam can be assembled by taking more than one damping-constraining layer combination. These multilayered beams are referred to as multiple-constraint-layered systems.
Nomenclature
Numerous researchers have successfully implemented the passive constrained layer (PCL) and the active constrained layer (ACL). In 1959, Kerwin 1 and Ross et al. 2 presented a general analysis of a VEM structure. The damping is attributed to extensional and shear deformations of the viscoelastic layers. They applied this theory to a number of practical damping treatments. The experimental data for different treatments confirmed the theory. In the 1960s, researchers extended Kerwin's work on the Ross-Kerwin-Ungar basic assumptions. Diraranto 3 developed sixth-order equations of motion in terms of axial displacements and the closed-form solution. Mead and Markus 4,5 developed sixth-order equations of motion for transverse displacement, which was then applied to certain boundary conditions. The energy method has been applied to many types of problems. Rao 6 presented the equations of motion and boundary conditions using the energy method. He solved the equations numerically and presented a practical design guideline. Similarly to Rao's theory, Cottle 7 used Hamilton's principle to derive equations of motion.
The damping of the treatment could be increased by adding a passive stand-off layer (PSOL) and a slotted stand-off layer (SSOL) to the layered systems. This point was first proposed in 1959. Many researchers have studied these systems in recent years. Falugi 8 and Parin et al. 9 conducted theoretical and experimental work on a
